Epitaxial growth of Fe-based superconductors such as Co-doped SrFe 2 As 2 (SrFe 2 As 2 :Co) was reported recently, but has still insufficient properties for device application because they have rough surfaces and are decomposed by reactions with water vapor in an ambient atmosphere. This letter reports that epitaxial films of Co-doped BaFe 2 As 2 grown at 700 o C show the onset superconducting transition tempearture of ~20 K. The transition is sharper than those observed on the SrFe 2 As 2 :Co films, which would originate from their improved crystallinity. These films also have atomically-flat surfaces with steps-and-terraces structures and exhibit chemical stability against exposure to water vapor.
------------------------------------------

Footnotes:
(*) Electronic mail: katase@lucid.msl.titech.ac.jp T. Katase et al. Extensive researches on the superconductivity in Fe-based layered compounds have been continuing since the discovery of superconductivity at 26 K in F-doped LaFeAsO, 1 and the highest superconducting transition temperature (T c ) over 50 K in REFeAsO (RE = rare earths) 2, 3 has been reported. New Fe-based high-T c superconducting materials have been found also in other systems containing a square lattice of Fe atoms, which include AEFe 2 As 2 (AE = alkaline earths), 4 AFeAs (A = alkalis), 5 AEFeAsF, 6 FeSe, 7 and perovskite oxide layers-containing iron-pnictides e.g. To measure intrinsic properties of the Fe-based superconductors and apply them to superconductor devices, it is important to grow high-quality epitaxial films. We reported that pulsed laser deposition (PLD) excited by a Nd:YAG second harmonic laser using a high-purity target produced epitaxial films of LaFeAsO, 11 and the modified PLD method is also applicable to Co-doped SrFe 2 As 2 (SrFe 2 As 2 :Co). 12 The SrFe 2 As 2 :Co epitaxial films showed a superconducting transition at 20 K with a small magnetic field anisotropy. 13 After that, thin film growth of LaFeAsO 14 and Fe(Se, Te) [15] [16] [17] [18] [19] have been reported by other groups.
A drawback of the resulting SrFe 2 As 2 :Co thin films is insufficient chemical stability in an ambient atmosphere; i.e., they have somewhat high reactivity with water.
We recently found that this instability to water vapor led to unexpected emergence of superconductivity at 25 K in undoped SrFe 2 As 2 . 20 Although the T c of the water-exposed SrFe 2 As 2 epitaxial films is higher than that of the SrFe 2 As 2 :Co epitaxial films, the water-exposed films produced a large amount of impurities such as Fe 2 As. Therefore, the high sensitivity to water vapor of undoped and Co- Taking the above results for the BaFe 2 As 2 :Co films into consideration, we think that the impurity phase in the SrFe 2 As 2 :Co films would also be Fe metal, but it is difficult to Figures 3(a,b) show the out-of-plane HR-XRD patterns around the 002 diffraction of the SrFe 2 As 2 :Co (a) and the BaFe 2 As 2 :Co (b) epitaxial films exposed to water vapor for 0 -24 hours. The virgin films were measured immediately after the samples were taken out from the deposition chamber. In the case of the SrFe 2 As 2 :Co epitaxial films ( Fig. 3(a) ), when exposed for 2 h, the 002 diffraction peak broadened and an impurity phase assigned to Fe 2 As appeared at 2 ~14.9 degrees (the vertical arrow). With increasing the exposure time, the SrFe 2 As 2 :Co 002 diffraction peak weakened, broadened, and up-shifted, which was accompanied by the increase in the Fe 2 As impurity phase. These observations are very similar to those of the undoped the c-axis length of the SrFe 2 As 2 :Co film was decreased from 1.233 nm for the virgin film to 1.225 nm, and the FWHM of the 002 diffraction increased from 0.17 to 0.57 degrees after the 24 hours of exposure. On the other hand, for the BaFe 2 As 2 :Co epitaxial film, very small changes were observed only when the exposure time was < 2 hours, and no observable change was detected even at prolonged exposure time. Also in the XRD pattern (Fig. 3(b) ), no detectable change, including a symptom of an impurity phase, was observed.
The chemical stability of the BaFe 2 As 2 :Co films is confirmed also by the superconducting properties. Figures 3(e,f) show the  -T curves of the SrFe 2 As 2 :Co (e) and the BaFe 2 As 2 :Co (f) epitaxial films as a function of exposure time to water vapor.
The T c onset of the SrFe 2 As 2 :Co films remained unchanged with increasing the exposure time, but the T c offset obviously decreased with increasing the exposure time, which would result from the decrease in the volume fraction of the SrFe 2 As 2 :Co phase as observed in Fig. 3(a) . In addition, the exposure to water vapor raised the RT resistivity from 3.8  10 -4 cm for the virgin film to 7.5  10 -4 cm after 48 hours of exposure.
On the contrary, the BaFe 2 As 2 :Co epitaxial films were very stable against the water vapor exposure and did not exhibit any change in T c onset and T c offset although the slight increase in the RT resistivity was observed. These observations substantiate that the Their surfaces were basically composed of atomically-flat steps-and-terraces structures.
What is more important is that the BaFe 2 As 2 :Co epitaxial films are very stable against water vapor at least for 48 hours of exposure at RT. The growth of the high crystallinity, atomically-flat epitaxial films and the high chemical stability of the BaFe 2 As 2 :Co epitaxial films will provide a large contribution to developing superconductor devices based on the Fe-based high-T c superconductors. (e,f) Changes in the temperature dependences of electrical resistivity of SrFe 2 As 2 :Co (e) and BaFe 2 As 2 :Co (f) epitaxial films as a function of exposure time.
